Abstract. Intensive production of container-grown nursery and greenhouse crops in soilless substrate may result in significant leaching of nutrients and pesticides. The resulting runoff can escape from production areas and negatively impact surface and ground water. Constructed wetlands (CWs) have been shown to be a simple, lowtechnology method for treating agricultural, industrial, and municipal wastewater. We investigated the nitrogen (N) and phosphorus (P) removal potential by a vegetated, laboratory-scale subsurface flow (SSF) CW system. Over an 8-week period, five commercially available aquatic garden plants received a range of N and P (0.39 to 36.81 mgÁL -1 N and 0.07 to 6.77 mgÁL -1 P) that spanned the rates detected in nursery runoff. Whole plant dry weight was positively correlated with N and P supplied. Highest N and P recovery rates were exhibited by Thalia geniculata f. rheumoides Shuey and Oenenathe javanica (Blume) DC. 'Flamingo', Phyla lanceolata (Michx.) Greene also had high P recovery rates. The potential exists for using SSF CWs to concomitantly produce aquatic garden plants and attenuate nutrients in a sustainable nursery enterprise.
Container production in nursery and greenhouse operations using soilless media involves inputs of fertilizers, growth regulators, insecticides, and fungicides. Repeated excessive irrigation leads to leaching and loss of nutrients and chemicals in runoff. The presence of nutrients in runoff and concerns of their impact on surface and groundwater quality has undergone increasing interest and scrutiny from the public, environmental groups, governmental agencies, and elected officials. Since its enactment, the U.S. Environmental Protection Agency (EPA) has enforced provisions of the Clean Water Act (1972) related to point-source pollution. In 1999, the EPA began enforcing nonpoint source pollution controls specified in section 303(d) of the Clean Water Act, which mandates that all states implement a Total Maximum Daily Load (TMDL) program for all watersheds and bodies of water (U.S. EPA, 2000) . A TMDL is the maximum amount of pollutant that a water body can receive from point and nonpoint sources and still maintain its designated use and value (e.g., drinking water, fish and wildlife habitat, recreation, and so on). The Clean Water Act (U.S. EPA, 1994) ) from nursery and greenhouse operations may lead to excessive algal and aquatic plant growth in surface waters, resulting in accelerated eutrophication. In general, freshwater systems are P-limited and more prone to P inputs, whereas N often limits primary production in estuarine and marine environments (Carpenter et al., 1998) .
The maximum contaminant level for NO 3 -in drinking water is 10 mgÁL -1 (National Academy of Sciences, 1977) . No federal limits on P contamination in freshwater have been established as a result of variations in size, hydrology, and depth of rivers and lakes and regional differences in P impacts. However, the U.S. EPA recommends that total P not exceed 0.05 mgÁL -1 in any streams discharging into lakes or reservoirs and 0.10 mgÁL -1 in streams or other flowing waters that do not (U.S. EPA, 1986) .
Fertigation runoff in greenhouse crop production can contain 100 mgÁL -1 NO 3 -N (Wood et al., 1999) . In nursery crop production, nursery runoff NO 3 -N concentrations range from 0.1 to 135 mgÁL -1 (Alexander, 1993; Taylor et al., 2006; Yeager et al., 1993) and P levels from 0.01 to 20 mgÁL -1 (Alexander, 1993; Headley et al., 2001; James, 1995; Taylor et al., 2006) . These cited N and P runoff ranges could be higher or lower in other nursery and greenhouse crop production systems.
Recently TMDLs of nutrients in agricultural runoff were adopted by environmental regulatory agencies in every state (Yeager, 2006) . This follows a trend in which state governments have been passing more stringent laws and regulations assessing and regulating nonpoint sources of pollutants beyond the scope of the provisions of the Clean Water Act.
Constructed wetlands (CWs) have been promoted as an inexpensive, low-technology approach to comply with increasingly stringent environmental regulations regarding the discharge of nonpoint source pollutants in greenhouse and nursery production (Arnold et al., 1999; Berghage et al., 1999) . Surfaceflow (SF) and subsurface flow (SSF) CWs are two commonly used wetland designs to treat agricultural wastewater (Berghage et al., 1999; Scholz and Lee, 2005) . A SF CW resembles a shallow (0.2 to 0.8 m) freshwater marsh and generally requires a large land area for wastewater treatment (Kadlec and Knight, 1996) . To remediate nursery and greenhouse wastewater, surface area can be reduced with a concomitant increase in depth (%1.25 to 1.5 m), which promotes anaerobic conditions that facilitate denitrification. Alternatively, greenhouse and nursery operations constrained by limited production space and expensive land can use a SSF CW, which consists of a lined or impermeable basin filled with a coarse medium, typically gravel, and wetland plants (Kadlec and Knight, 1996) . Wastewater flows horizontally or vertically below the surface of the media to prevent exposure to humans or wildlife. SSF CWs can be operated in continuous-flow or batch-load treatment modes with varying hydraulic residence times (Burgoon et al., 1995) .
Nitrogen removal from SSF CWs is accomplished primarily by denitrification and plant uptake (Vymazal, 2007) . Inorganic or organic P, which has no valency changes during its biotic assimilation or microbial decomposition, is mainly removed through microbial and plant uptake (Vymazal, 2007) . Roots and rhizomes support rhizospheric microorganisms by providing colonizing sites exuding carbohydrates, sugars, amino acids, enzymes, and many other compounds (Rovira, 1969) and oxidizing the rhizosphere (Wießner et al., 2002) , which fosters microbial activity.
One of the many factors that control the efficiency of nutrient and bacterial removal in wetlands is vegetation type (Guntenspergen et al., 1989) . Wetland plants have speciesspecific efficiencies regarding their abilities to aerate water, grow within the constraints of the wetland environment, and remove nutrients and heavy metals (Maschinski et al., 1999 (Ansola et al., 1995; Hunter et al., 2001; Wolverton et al., 1983) . They have not been widely used because of their potential invasiveness. Additionally, their high rates of biomass production necessitate periodic harvesting to prevent the seasonal export of nutrients, particularly P, through vegetative decomposition (Hunter et al., 2001) .
In this study, we investigated a costeffective approach suggested by Adler et al. (2003) : ''One way to reduce water treatment costs is to produce a product of value concomitant with treatment of the water.'' Instead of traditional wetland plants, commercially available aquatic garden plants can be used in a production/remediation system that could generate revenue. Few studies have examined the ability of aquatic garden plants to thrive in SSF CWs and recover nursery runoff rates of N and P (Arnold et al., 1999 (Arnold et al., , 2003 Holt et. al, 1999) .
In an earlier study, we investigated the potential of seven aquatic garden plants to assimilate N and P in a laboratory-scale, gravel-based SSF CW system (Polomski et al., 2007) . Louisiana Iris hybrid 'Full Eclipse' exhibited the highest N recovery rate, whereas similar P recovery rates were observed in Canna · generalis Bailey (pro sp.) 'Bengal Tiger,' Canna · generalis Bailey (pro sp.) 'Yellow King Humbert,' Iris 'Full Eclipse,' Peltandra virginica (L.) Schott, and Pontederia cordata L. 'Singapore Pink' (Polomski et al., 2007) . Our objective was to investigate five additional commercially available aquatic herbaceous emergent garden plants-three upright and two creeping-for their ability to thrive and recover N and P in a laboratory-scale wetland system that approximated a SSF CW.
Materials and Methods
Experimental procedures were similar to those described by Polomski et al. (2007) were separated from stock plants (Charleston Aquatic Nursery, Johns Island, SC). Micropropagated plantlets of Thalia geniculata f. rheumoides were purchased from a commercial tissue culture laboratory (Agri-Starts II, Apopka, FL). Phyla lanceolata (Charleston Aquatic Nursery) was rooted from 7.6-to 10.2-cm long stem cuttings and then individual plants were transplanted into 15-cm diameter containers containing a peat/vermiculite growing substrate (Fafard Germination Mix; Fafard, Anderson, SC). Plants were maintained on the greenhouse bench in water-filled plastic-lined trays and watered and fertilized as needed.
The laboratory subsurface treatment wetland was simulated by two polyethylene containers: a 16.5-cm diameter ''azalea'' container filled with pea gravel and placed inside a 16.7-cm diameter aquatic container (2.8-L container with no drainage holes) so their rims were even. An equilibrium isotherm experiment indicated no detectable P adsorption by the pea gravel (Polomski et al., 2007) .
Two to 4 weeks before the start of an experiment, 40 to 50 plants of each species or cultivar were removed from their containers, their roots washed free of substrate, weighed, and transplanted into gravel-filled azalea containers. Single plantlets of Thalia geniculata f. rheumoides (Thalia), Oenanthe javanica 'Flamingo' (Oenanthe), and Phyla lanceolata (Phyla) and three each of Rhyncospora colorata (Rhyncospora) and Typha minima (Typha) were planted in each container. After placing the azalea inside the aquatic container, %1.35 L of a 10% modified Hoagland's solution (21.57 mgÁL -1 N and 3.63 mgÁL -1 P) (Hoagland and Arnon, 1950 ) was added until water appeared at the gravel surface. During acclimation, plants were watered every 2 or 3 d to maintain water levels just below the gravel surface.
Average daily temperatures, relative humidity, and daily light integral are listed in Table 2 . A 16-h photoperiod was maintained during the winter months with 1000-W metal halide lights.
Treatments. Five treatment levels of a modified Hoagland's solution (''Solution 1'' using NO 3 -N) contained the following mean concentrations of N and P (mgÁL Low-growing Korean native, rainbow water parsley has aromatic pink, white, and green leaves with the aroma of parsley, and grows 15 cm high; white umbels emerge in summer through fall.
Phyla lanceolata
Verbenaceae 5-11 Creeping North American native, lanceleaf frogfruit grows 5-10 cm high, tolerates light foot traffic, and produces tiny white flowers that fade to yellow and then pink; foliage turns reddish pink in fall. Rhyncospora colorata Cyperaceae 8-11 Native to North America, white-top sedge grows 30-61 cm tall and produces white starlike flowers. Thalia geniculata f. rheumoides
Widely distributed in parts of the Americas and West Africa, red-stemmed alligator flag has reddish purple petiole, sheath, and pulvinus and bears long arching flower spikes of silvery-purple flowers; grows 0.6-3 m tall and 0. At the start of the experiment, 30 acclimatized plants were removed from their aquatic containers, flushed with deionized water, and then returned to the aquatic containers that had been emptied and rinsed with deionized water. The appropriate treatment solution was batch-loaded into the containers with plants until it was visible at the gravel surface. Six containers without plants (gravel only) received 10.44 and 1.86 mgÁL -1 N and P, respectively. Thereafter, nutrient solution was supplied every 2 d to maintain the water level at the gravel surface.
Containers were arranged in a randomized complete block design with six replicates. Experiments were repeated twice for each species during the time periods listed in Table 2 .
Data collection. During the course of each experiment, the volume of nutrient solution supplied to each wetland unit was recorded over the 8-week period. When the experiment was terminated, the above-and belowground portions of each plant were severed at the gravel surface and weighed. The belowground portions, which included roots that had grown through the drainage holes of the gravel-filled azalea containers, were placed over a screen and washed with tapwater, rinsed with distilled water, and then weighed. Dried roots and shoots (80°C to constant dry weight) were ground separately in a Wiley Mill (Thomas Scientific, Swedesboro, NJ) to pass through a 40-mesh (0.425-mm) screen. N and P tissue concentrations were determined as described by Polomski et al. (2007) . To normalize differences in nutrient concentrations as a result of growth differences between treatments, N and P plant tissue nutrient content was calculated by multiplying plant part dry weight by nutrient concentration. Whole plant N and P content was derived by adding above-and belowground mineral content.
The water that remained in the aquatic containers was sampled and stored at 4°C until anion analysis with a Dionex AS50 IC with AS50 autosampler (Dionex Corp., Sunnyvale, CA) to determine the percentage of recovered nutrient [(mg N or P supplied -mg nutrient remaining in solution O mg N or P supplied) · 100].
Statistical analysis. Data from repetitions of the experiments were pooled because analysis of variance indicated no significant treatment interactions with replication and block. Regression analyses were performed for each species to describe changes in biomass and nutrient recovery relative to N or P supplied. The analysis indicated significant slope for biomass and nutrient uptake efficiency (i.e., the proportion of nutrient applied that is assimilated by the plant) for each species. Comparison of slopes among the species was accomplished using linear contrasts and F tests. Differences between shoot and root concentration means and content means were determined by Student's t tests. All analyses were performed with SAS (version 9.1 for Windows; SAS Institute, Cary, NC), and all tests were conducted with a = 0.05.
Results and Discussion
Biomass production. Growth rates increased linearly and were highly correlated with levels of N and P supplied (Fig. 1A-B) . Thalia was supplied with greater amounts of N and P than the other species as a result of its higher evapotranspiration rate. Higher quantities of nutrients resulted in the highest rate of dry weight accumulation. Rhyncospora received the least amount of N and P over the 8-week period and had the lowest growth rate compared with Thalia, Phyla, and Oenanthe (Fig. 1A-B) . Gravel-only containers receiving 10.44 and 1.86 mgÁL -1 N and P, respectively, were supplied with 62% to 86% less N and 52% to 86% less P than planted containers receiving the same level of N and P (data not presented). Although Oenanthe and Phyla received nearly equal amounts of N and P, Phyla exhibited a higher growth rate than Oenanthe. When supplied with the two lowest treatment levels of N and P, all species exhibited visual deficiency symptoms that included spindly growth and chlorotic, senescent older leaves. Symptoms were more pronounced in Thalia than in the other four species.
Nitrogen and phophorus recovery. Nitrogen and P recovery rates were determined by comparing the amount of N or P supplied and assimilated in whole plant tissues with an optimal recovery rate in which all N or P supplied was recovered in the tissues. Nitrogen and P content of whole plant tissues increased linearly and was highly correlated with the amount supplied to each species ( Fig. 2A-B) . Nitrogen recovery rate of Thalia and Oenanthe was similar to the optimal recovery rate of N. Their N assimilation rates were higher than Phyla and Rhyncospora ( Fig. 2A) . Typha had the lowest N recovery rate ( Fig. 2A) contrary to previous research on cattail species (Typha latifolia L., T. angustifolia L., T. orientalis L., and T. domingensis Pers.) in CWs (e.g., Scholz and Lee, 2005) . Our N source may have affected uptake by Typha, because NH 4 + is the predominant form of inorganic N in acidic, waterlogged, wetland soils (Mitsch and Gosselink, 2007) . However, Typha orientalis showed no preference for N source in a hydroponics study with four different N sources (Cary and Weerts, 1984) . Typha latifolia produces optimal growth with either NH 4 + or NO 3 -at pH 5.0 to 7.0 (Brix et al., 2002) . With NH 4 + , T. latifolia has a higher relative growth rate, greater tissue concentration of major nutrients, greater content of adenine nucleotides, and a higher affinity for inorganic N uptake than with NO 3 -. Maximum uptake rate (V max ) was highest for NH 4 + at pH 6.5 and at pH 5.0 for NO 3 - (Brix et al., 2002) . None of the species had P assimilation rates that were similar to the optimal P recovery rate (Fig. 2B) . Thalia received more P than the other species and had the highest P recovery rate followed by Oenanthe and Phyla. Rhyncospora had the lowest P recovery/assimilation rate compared with Thalia, Oenanthe, and Phyla (Fig. 2B) .
Compared with a similar study with seven other aquatic garden species (Polomski et al., 2007) , Thalia, Rhyncospora, and Oenanthe had N recovery rates similar to Louisiana iris 'Full Eclipse' and Pontederia cordata 'Singapore Pink'. P recovery rates of Thalia were similar to Canna · generalis 'Bengal Tiger', Peltandra virginica, and Pontederia cordata 'Singapore Pink'. There were no differences between species or treatment levels in the concentration of N and P remaining in the containers at harvest. Less than 4% and 7% of the original amount of N and P supplied to the plants, respectively, was detected in the remaining solution (data not shown). Of the original amount of N and P supplied to gravel-only containers, 37% to 53% N and 27% to 54% P remained (data not shown). These findings were consistent with other studies that showed an improvement in nutrient removal when plants were present in SSF wetlands (Huett et al., 2005; Jing et al., 2002) .
Depletion of P in the gravel-only containers could have resulted from assimilation by the thin film of algae present near the gravel surface and from biofilm-single cells or pools of microorganisms embedded in a matrix of microbial-derived polymers attached to the gravel substrate (Zhang and Bishop, 1994) . Phosphorus precipitation was highly unlikely because the pH was not alkaline enough (mean pH, 7.1). Nitrogen depletion may have occurred through denitrification processes.
Nitrogen and phosphorus concentration. To characterize differences in N and P tissue accumulation among species, we reported concentration of tissue nutrients in accordance with typical wetland plant nutrient uptake and mass balance studies. Nitrogen concentration in roots exceeded the amount in shoots at every level of N supplied for Phyla (Table 3) . A similar trend was observed with Oenanthe at concentrations 21.57 mgÁL -1 N or less. However, at the highest treatment level, N concentration was comparable between roots and shoots (Table 3) . Similar results were reported for Oenanthe javanica receiving 16.8 mgÁL -1 and 33.6 mgÁL -1 N in sand culture and Oenanthe sarmentosa sampled from agricultural drainage waterways in central California (Rejmankova, 1992) . Similar to Oenanthe sarmentosa, more biomass was allocated in O. javanica to the aboveground than belowground plant parts with increasing levels of nutrients (data not presented). This preferential allocation of nutrients to belowground parts rather than aboveground parts in response to reduced nutrient status commonly occurs in plants growing in infertile habitats (Chapin, 1980) . Typha and Thalia had higher N concentration in the shoots than the roots at levels 0.39 or greater and 1.75 mgÁL -1 or greater N, respectively, similar to the trend exhibited by Canna · generalis 'Yellow King Humbert', Colocasia esculenta (L.) Schott var. antiquorum (Schott) Hubbard & Rehd. 'Illustris', and Peltandra virginica (Polomski et al., 2007) . Phosphorus concentration in Thalia and Phyla was highest in shoots at every treatment level, whereas the highest P concentration in Typha was in roots at every treatment level.
Contrary to Typha minima, N concentration of T. angustifolia roots and rhizomes (Steinbachova-Vojtiskova et al., 2006) and T. latifolia rhizomes (Cizkova-Koncalova et al., 1996) increases with increasing nutrient availability in contrast to shoots. T. minima shoot N concentration was similar to T. angustifolia shoot N at comparable N treatment levels (Steinbachova-Vojtiskova et al., 2006) ; however, root and rhizome N concentration of T. angustifolia exceeded the concentration of Typha minima. This discrepancy could be explained by the diminutive size of T. minima and the propensity of T. angustifolia to allocate resources to belowground structures, which contributes to its ability to thrive and compete in eutrophic habitats (Steinbachova-Vojtiskova et al., 2006) . T. angustifolia shoot dry weight increases and root dry weight decreases with increasing nutrient availability (Steinbachova-Vojtiskova et al., 2006) , similar to T. minima (data not presented).
In natural stands of Typha latifolia from Aiken, SC (Boyd, 1978) , whole plant N and P concentrations were 1.7-and 2.3-fold less, respectively, than those of Typha minima receiving the lowest treatment level in our study. Boyd (1978) expected these concentrations to be 1.5 to two times higher if T. latifolia received nutrient-rich effluent.
Breen (1990) evaluated Typha orientalis in an experimental wetland system in Australia comprised of 10-L polyethylene buckets with gravel (3 to 7 mm diameter). Mean influent nutrient concentration was 31.83 mgÁL -1 total N and 11.47 mgÁL -1 P during the 50-d experiment. Above-and belowground tissue N values of Typha orientalis was comparable to Typha minima at the 10.44 mgÁL -1 N treatment level. Phosphorus rhizome and root concentrations of Typha orientalis were similar to Typha minima at our highest P treatment level, but aboveground growth of Typha orientalis contained twice as much P as T. minima at our highest treatment level. Cary and Weerts (1984) grew Typha orientalis for 7 weeks hydroponically and the nutrient solution was replaced every 3.5 d. Top-growth N and P concentrations of T. orientalis receiving 40 mgÁL -1 N and 10 mgÁL -1 P were similar to T. minima at our highest treatment level. Rhyncospora shoots had a higher N concentration than roots at nutrient levels 10.4 mgÁL -1 N or less, but N root concentration exceeded N shoot concentration at 36.8 mgÁL -1 N. There were no differences in P between the shoots and roots of Rhyncospora at any treatment level. No trend was observed with Oenanthe. However, our P concentrations in Oenanthe shoots were within the range reported by Wang et al. (2002) .
Nitrogen and phosphorus content. Nitrogen content of Oenanthe, Phyla, Rhyncospora, and Thalia shoots was greater tan 61% higher than roots at every N treatment level (Table 3) . Similar sink strength of shoots was reported for Louisiana iris 'Full Eclipse' and Pontederia cordata 'Singapore Pink' (Polomski et al., 2007) .
Typha roots were a dominant N sink at 0.39 mgÁL -1 N treatment level, containing 57% more N in roots than shoots; however, at the two highest treatment levels, shoots stored 59% and 69% more N, respectively, than roots. A similar change in sink strength with increasing levels of N was observed with two cultivars of Canna · generalis and Colocasia esculenta var. antiquorum 'Illustris ' (Polomski et al., 2007) .
Phosphorus content of Oenanthe, Phyla, and Thalia was greater in shoots than roots at every treatment level. Oenanthe and Phyla shoot P exceeded 86% in shoots at treatment levels 1.86 mgÁL -1 P or greater, similar to Louisiana iris 'Full Eclipse' (Polomski et al., 2007) . Thalia shoots contained between 65% and 69% more P compared with roots at every treatment level, similar to Pontederia cordata 'Singapore Pink'. P concentration and content followed identical trends in Thalia and Phyla at each treatment level, similar to Pontederia 'Singapore Pink' (Polomski et al., 2007) . In contrast, Typha P root content followed a similar trend to P root concentration; P root content was 57% to 61% greater than shoot P at every treatment level.
There were no statistical differences between Rhyncospora shoot and root P content at the two lowest treatment levels, but shoot P exceeded root P at treatment levels 1.86 mgÁL -1 P or greater. This partitioning of P to shoots instead of roots with increasing levels of P was also observed in Canna · generalis 'Bengal Tiger' and Colocasia esculenta var. antiquorum 'Illustris' (Polomski et al., 2007) .
Taxa that preferentially allocate nutrients to aboveground biomass allow for the harvesting and removal of topgrowth. Continuous and long-term removal of excess P from CWs can be ensured by regularly harvesting pollution-tolerant species (Jing et al., 2001) . In nursery/greenhouse production systems, container-grown aquatic garden plants receiving runoff channeled into nutrient attenuation/production CW beds can also be ''harvested'' to remove nutrients from the system. Removal of entire plants avoids P export to outflow and downstream environments from senescent, decomposing tissues (Hunter et al., 2001) . Plants with highly efficient N and P recovery rates such as Thalia and Oenanthe can be placed at the discharge end of a CW to ''polish'' the effluent. Also, they can be located at the inflow end of CWs because of their ability to assimilate high N and P concentrations. Thalia, Oenanthe, and Phyla may also be suited for SSF CWs in greenhouse production systems because of their ability to assimilate high volumes of nutrient-rich water, which reduces the amount of effluent that must be discarded.
The commercial value of aquatic garden plants offsets their production costs, which offers producers a sustainable, cost-effective, and low-maintenance remediation solution compared with conventional wastewater treatment technologies. Their usefulness could be expanded to other phytoremediation applications depending on the outcome of additional research assessing their ability to assimilate pesticides (e.g., Fernandez et al., 1999 ) and other anthropogenic pollutants (i.e., hydrocarbons and metals) (e.g., Fritioff and Greger, 2003) . The aesthetic features of aquatic garden plants create markets and opportunities in commercial and residential landscape applications such as infiltration trenches (i.e., basins and rain gardens), retention ponds, and wet or dry detention basins.
Direct comparison of N and P recovery by the aquatic garden plants in this study with other investigations is precluded by differing hydraulic characteristics such as retention time, water level depth, and wastewater loading along with differences in species compositions and densities, media, and design and size of the systems. Nevertheless, the results support the use of aquatic garden plants as aesthetic and economically viable alternatives to traditional, obligate wetland plants in CWs and the need for further investigation to optimize species selection, cycling time, and production system design. Table 3 . Nitrogen (N) and phosphorus (P) concentration and content of shoots and roots of five aquatic garden plants grown for 8 weeks in a laboratory scale wetland and receiving five treatment levels of N or P from a modified Hoagland's nutrient solution. Values are means of 12 plants. Treatments were initially batch-loaded and then supplied every 2 d to maintain the water level at the gravel surface. *, ** Mean separation by t test comparing N and P in shoots and roots within species at each treatment level with significant differences at P # 0.05 and P # 0.01, respectively.
)------------------------------------(mgÁg -1 ) --------------------------------------------------------------(mg) ----------------------------------

